Objective: This systematic review and meta-analysis aims to compare surgical and endoscopic treatment for pancreatic pseudocyst (PP).
Introduction
Pancreatic fluid collections are complications associated with some pancreatic diseases, especially after episodes of acute biliary pancreatitis, chronic pancreatitis, trauma, or surgical procedures. Most acute collections are asymptomatic and resolve spontaneously. However, some persist for >4 weeks and are considered to be pseudocysts. [1] Spontaneous resolution is dependent on size and time of evolution. [2] The first widespread classification system was developed in 1993 and was named as Atlanta Criteria. [3] This criteria classified pancreatic fluid collections as acute or chronic collections, with chronic collections being further divided into pancreatic necrosis, pseudocysts, and pancreatic abscesses. According to the revised Atlanta criteria, [4] these inflammatory collections are: acute peripancreatic fluid collections, pseudocysts, acute necrotic collections, and walled-off necrosis (WON). The pancreatic pseudocyst (PP) is abundant with amylase, has a nonepithelialized wall, and has no internal debris or solid component. PP is a complication that develops in approximately 7% of cases of acute pancreatitis and 10% to 30% of chronic pancreatitis. [1, 5] It can progress to bleeding, obstructive symptoms, or infection in 10% to 20% of cases. [6] In chronic pancreatitis, many of these pseudocysts are small, cause mild symptoms, and therefore do not require treatment. PP has a mortality rate of around 10%. [7, 8] In most cases, PPs are asymptomatic and resolve spontaneously without any intervention. Indications to drain PP are limited to symptomatic patients, size (>6 cm), and rapid growth and/or associated with complications, such as infection and bleeding. [9, 10, 11, 12] Drainage can be performed by endoscopic, surgical, or percutaneous procedure. Percutaneous drainage is associated with high rates of recurrence. Therefore, it is reserved for immature pseudocysts, no definitive treatment, infected cysts, and in patients with co morbidities that do not allow for definitive surgical treatment. [13] For several years, open surgical approach was considered the criterion standard treatment, but with evolvement of less invasive techniques, such as laparoscopic and endoscopic drainage, these new techniques have gained increased usage in recent years. Depending on topography and anatomical relationships, PP drainage can be accomplished in several ways: safely through the stomach, duodenum, or small intestine. [14] Endoscopic approach has the benefit of being less invasive than surgery.
To date, few studies in the literature have compared surgical and endoscopic approach for treatment of PPs; thus, it is necessary to study these methods through systematic review and meta-analysis, including recent comparative studies, to compare these therapeutic options.
Objective
The aim of this study was to compare surgical and endoscopic approaches for treatment of PPs. The outcomes were therapeutic success, drainage-related adverse events, general adverse events, recurrence rate, cost and time of hospitalization.
Methods
This systematic review was performed according to the Cochrane Handbook for Systematic Reviews of Interventions and Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA). [15] The study was recorded in the International Prospective Register of Systematic Reviews database (PROS-PERO)-available at https://www.crd.york.ac.uk/prospero/, from the Center for Reviews and Dissemination of the University of York (England) under CRD42017068477 code.
This study was approved by ethics committee of the Faculty of Medicine of the University of São Paulo with number 294/17.
Eligibility criteria
Types of study: Comparative studies between surgical and endoscopictreatmentforPPs.Exclusioncriteriawere:non-explicit method, studies that did not provide sufficient data to analyze outcomes, no full text available, or studies that included WON Types of participants: adult patients (>18 years) with PPs requiring interventional treatment Types of intervention and control: endoscopic treatment (intervention) versus surgical treatment (control) Outcomes assessed: primary outcomes are therapeutic success, adverse events related to drainage, general adverse events, and recurrence, whereas secondary outcomes are cost and time of hospitalization.
Data extraction
Two independent investigators extracted data according to predefined data extraction form. Disagreements were resolved by consultation with a third researcher.
The following data were collected: study model, total number of patients included, therapeutic success rate, general and drainagerelated adverse events, recurrence, cost, and time of hospitalization.
Search
Research for available articles carried out with these searches in databases. Databases 
Statistical analysis
In regard to the meta-analysis, the difference in risk difference (RD) was calculated with Mantel Haenszel Cochran method with a 95% confidence interval (CI), and in mean difference, using a random effect with inverse variance and a 95% CI for continuous variables.
Semiquantitative values were described as a weighted arithmetic average using the number of patients from each study, reported with standard deviation and the use of Student t test. All data were analyzed as intention-to-treat analysis.
Synthesis of results
RevMan 5 software (Review Manager version 5.3.5 -Cochrane Collaboration, 2014) was used for the meta-analysis. Student test was used to compare weighted arithmetic values for items that did not have prerequisites for meta-analysis (SD for continuous variables and absolute individual data for dichotomous variables). Heterogeneity was assessed with the x 2 test and maintained up to 50% with sensitivity analysis when possible and necessary.
Risk of bias
Randomized clinical trial (RCT) bias was assessed by the Cochrane Collaboration's tool for assessing risk of bias [16] ( Table 1A) . Biases of retrospective studies were evaluated by the Modified Newcastle-Ottawa Quality Assessment Scale for Cohort Studies [13, [17] [18] [19] [20] [21] ( Table 1B ).
Definitions
Therapeutic success was defined as complete resolution or decrease in pseudocyst size to 2 cm in imaging method with total improvement of symptoms after the first intervention. Adverse events consisted of those related to drainage such as bleeding, infection, perforation, and migration of stents and those not related to drainage such as incisional hernia, abdominal wall infection, deep venous thrombosis, and cardiopulmonary dysfunctions. Recurrence was defined as a new pseudocyst observed by imaging methods at follow-up after previously reported resolution. Time of hospitalization was length of stay from day of surgical or endoscopic approach to discharge. Cost was determined by all costs related to drainage and follow-up.
Results

Study selection
Initially, 4291 studies were retrieved and, after title screening and abstracts, 14 articles were assessed for eligibility. Subse- quently, we excluded 8 articles, 7 because they were not comparative studies and 1 because it did not present enough data to calculate the outcomes, thereafter including 6 studies for meta-analysis ( Fig. 1 ).
Characteristics
Selected studies were published between 2008 and 2017. Six comparative studies were selected [13, [18] [19] [20] [21] [22] with one RCT and five retrospective cohort studies. Study characteristics summarized in Table 2 . Melman et al and Redwan et al [13, 18] defined pseudocysts as encapsulated fluid collections, not true cysts because they lacked an epithelial lining. Johnson et al and Varadarajulu et al [20, 21] defined pseudocysts as collections of pancreatic fluid contained by a wall of fibrous tissue and pancreatic fluid collection was categorized according to the Atlanta classification, respectively.
Descriptive results
A total of 342 patients were included of whom 177 were treated by surgery (open drainage or videolaparoscopic and resection) and 165 treated by endoscopy. Male sex was most common (2: 1 ratio). Main causative etiology was biliary pancreatitis (40%) followed by alcoholic pancreatitis (Table 2) .
In the selected studies, several endoscopic and surgical techniques for PP drainage were performed. In both groups (surgical and endoscopic), cystogastrostomy was most common. In the surgical treatment group, cystogastrostomy was performed in 119 of 177 patients (67%). In the endoscopic group, cystogastrostomy was performed in 143 of 165 patients (86%). All drainage characteristics in the studies are described in Table 3 .
Therapeutic success
All studies [13, [18] [19] [20] [21] [22] reported successful outcomes and there was no statistical difference (P = .07), as denoted by Therapeutic success rates ranged from 51% to 95% in the endoscopic group and 81.2% to 100% in the surgery group (Fig. 2) .
Adverse events:
Adverse events were related to drainage and to general adverse events.
In the endoscopic group, there were 19 adverse events among the 165 procedures (11.5%), whereas in the surgical group, there were 35 among 177 procedures (19.7%).
The most common adverse event in both groups was bleeding that occurred in 9 of 165 cases (5.4%) in the endoscopy group, and in 6 of 177 cases (3.3%) in the surgery group.
General adverse events not related to drainage occurred mainly in patients treated by surgery. Most common complications were incisional hernia and abdominal wall infection (2.8%). Adverse events are listed in Table 4 .
Adverse events related to drainage:
All studies reported [13, [18] [19] [20] [21] [22] rates of adverse events. There was no statistical difference between the 2 groups and there was an Figure 1 . Selection of studies for inclusion in the meta-analysis. Table 2 Characteristics of the studies. Table 3 Drainage characteristics.
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Author
Redwan et al, 2017 [18] Saul et al, 2015 [19] Varadarajulu et al, 2013 [22] Johnson et al, 2009 [20] Melman et al, 2009 [13] Varadarajulu et al, 2008 [21] Endoscopic (n)
Cystogastrostomy (30) Cystogastrostomy (16) Cystogastrostomy (20) Cystogastrostomy (12) Cystogastrostomy (45) Cystogastrostomy (20) Cystoduodenostomy (3) Cystoduodenostomy (5) Transampullary (6) Transampullary drainage Cystogastrostomy (27) Open drainage (13) Cystogastrostomy (20) Cystogastrostomy (14) Cystogastrostomy (38) Cystogastrostomy (10) Cystojejunostomy (9) Cystogastrotomy (10) Y-de Roux -cystojejunostomy (5) Cystojejunostomy (8) Cystoduodenostomy (4) Distal pancreatectomy with splenectomy (6) Others (7) Pseudocyst resection ( Adverse events rates related to drainage ranged from 0 to 23.8% in the endoscopic group and 0 to 18.6% in the surgery group (Fig. 3) .
General adverse events:
All studies [13, [18] [19] [20] [21] [22] reported general adverse events related to therapy. There was no statistical difference between the 2 groups. An equivalence between the methods (RD À0.05; 95% CI [À0.12 to 0.02], P = .13) was observed (Fig. 4) .
Recurrence
Four studies [18, 19, 22, 20] reported recurrence related to applied therapy. There was no statistical difference between the 2 groups. An equivalence between methods (RD: 0.04; 95% CI [À0.04 to 0.07], P = .58) was observed (Fig. 5) .
Cost
Three studies [19, 22, 20] reported costs related to therapy. Of these, 1 [20] did not provide standard deviation. This study was excluded from analysis.
Comparison between groups demonstrated that endoscopy was associated with lower costs than surgical treatment in drainage of pancreas pseudocysts (RD: À4.68; 95% CI [À5.43, À3.94]; P < .00001) (Fig. 6 ).
Hospitalization period
Five studies [13, 18, 19, 21, 22] reported time of hospitalization related to each drainage method. Of these, 1 study [19] did not provide variation and was excluded from analysis. Endoscopic drainage had shorter hospitalization time compared to the surgical group (RD: À4.23; 95% CI [À5.18 to À3.29]; P < .00001).
Hospitalization period varied from 3 to 82 days in the surgery group and 0 to 25 days in the endoscopy group (Fig. 7) .
Discussion
We performed a systematic review and meta-analysis, including 6 comparative studies, [13, [18] [19] [20] [21] [22] 1 randomized clinical trial, and 5 retrospective cohort studies that compared surgical and endoscopic treatment for PPs. Total number of patients was 342: 177 in the surgical and 165 in the endoscopic group.
In the literature, a similar review was performed by Zhao et al, [23] which involved 5 comparative studies with 255 patients. [13, [19] [20] [21] [22] This study demonstrated higher therapeutic success rates with surgical treatment for PP (91.2%, ranging from 81.2% to 100%) with no statistical difference between adverse events and recurrence. However, they used odds ratio (OR) to perform the meta-analysis, increasing effect. To avoid such a bias, Figure 2 . Forest plot for the outcome of therapeutic success (n), using a random-effects model, with the M-H method. CI = confidence interval, M-H = MantelHaenszel. Table 4 Adverse events.
Redwan et al 2017 [18] Saul et al, 2015 [19] Varadarajulu et al, 2013 [22] Johnson et al, 2009 [20] Melman et al, 2009 [13] Varadarajulu et al, 2008 we employed RD in our study. In our analysis, we included 1 study, [18] in addition to the cases treated by videolaparoscopic surgery in the study by Melman et al, [13] which were not included by Zhao et al. Another systematic review by Teoh et al [24] compared surgical, percutaneous, and endoscopic treatment for PP. The authors concluded that endoscopic and surgical drainage are equally effective with reduction in hospitalization time, lower costs, and better quality of life in the endoscopic group. However, surgical or percutaneous drainage should be considered in patients with an unfavorable anatomy.
In our systematic review, the main adverse events related to drainage were bleeding and infection, similar to that reported in Baron et al [25] that reported bleeding, perforations, infections, pancreatitis, migration of the prosthesis, and lesion of the pancreatic duct as the main complications related to drainage in endoscopic procedures. Adams and Anderson [26] related bleeding and infection as major adverse events related to surgical drainage. The main complication in our study related to surgical drainage was bleeding, whereas incisional hernia and abdominal wall infection were the most common complications unrelated to drainage. There was no statistical difference in the incidence of general adverse events and adverse events related to drainage between the 2 approaches in our study.
In our review, cystogastrostomy was the main type of drainage, both in endoscopic and surgical treatment. With surgical approach, the technique of choice is based according to pseudocyst location, adjacent structures, surgeon preference, and may be open or laparoscopic. Internal surgical drainage can be performed by communication between the pseudocyst and stomach, jejunum, or duodenum. If resection is used, it will depend on pseudocyst location. A distal pancreatectomy may be performed or even a duodenopancrectomy. [27] [28] [29] Khaled et al [30] showed that laparoscopic surgical approach of internal drainage of PPs with cystogastrostomy offered advantages over open surgery in terms of reduced operative time, operative morbidity, and postoperative period of hospitalization.
In the endoscopic approach, drainage routes vary between transmural, transpapillary, or combined therapy. Transmural drainage can be performed if the pseudocyst is directly placed against the stomach or duodenal wall. Transpapillary drainage is made possible when the pseudocyst communicates with the main pancreatic duct (MPD). [31] In our review, approximately 92% of cases were transmural and the remaining 8% were transpapillary or combined.
Most endoscopists agree that ultrasound-guided access is superior and should be used wherever available. Ultrasound guidance allows for precise cavity segmentation and decreases risk of vascular injury and other abdominal structures as well. [32] Traditionally, double-pig-tail prostheses are used for endoscopic drainage. As drainage techniques evolve, fully-covered selfexpanding metal prostheses have become tactically important. This development led to metal juxtaposed or lumens apposition, specifically designed for drainage of pancreatic fluid collections. [33] Amin et al [34] showed that prosthesis placement in the pancreatic duct does not provide any additional clinical benefit in patients who underwent transmural drainage (particularly pseudocysts).
Recurrence occurred in approximately 4% of the drainages in our study. The major risk factor for recurrence is primary disconnection from the MPD. Endoscopic retrograde cholangiopancreatography with MPD exploration can be performed simultaneously with drainage. Disconnection from MDP is associated with severe pancreatitis, increased risk of recurrent pancreatitis, long-term complications, and a decrease in resolution rates of pseudocysts after drainage. [35] Varadarajulu et alconcluded that endoscopic insertion of the transpapillary prosthesis is effective and safe for patients with interruption of the MPD. It also has good results in cases of partial rupture of the MPD. [36] Regarding the need for re-intervention, Redwan et al [18] demonstrated that endoscopic treatment has higher rates (8.6% Â 0%), whereas Varadarajulu et al [22] no statistical difference.
In this systematic review, the therapeutic success rate, general adverse events, adverse events related to drainage, and recurrence did not present statistical difference after meta-analysis.
The main limitation of our systematic review was the presence of only 1 clinical trial among the analyzed studies because of a lack of such studies in the literature, thereby weakening the analysis. Another limitation of this study is that some studies have defined therapeutic success in different ways, reducing the quality of the evidence. To improve the quality of the evidence, it is necessary to standardize the definitions of the outcomes.
The most recent systematic reviews in this field did not perform a meta-analysis of costs and time of hospitalization. In our systematic review, we provided a meta-analysis of these variables. Endoscopic treatment demonstrated lower costs and shorter hospitalization compared to surgical treatment.
Conclusion
Endoscopic drainage of PPs demonstrated a therapeutic success rate, drainage-related adverse events, general adverse events, and recurrence similar to that seen in surgical treatment, but with lower costs and reduced time of hospitalization, supporting its use as the preferred modality for drainage of pancreas pseudocysts. 
